This study was conducted to evaluate whether a laboratory exposure of reference fish to oil sands sediment could produce biochemical responses (increases in 7-ethoxyresorufin-O-deethylase [EROD] activity and decreases in vitro steroid production capacity) similar to fish caught in the Athabasca Oil Sands area. Sediment samples from the Steepbank River, Alberta, were collected outside of the oil sands area at a reference site (S-Ref), within the oil sands areas where oil sand compounds leach naturally into the surface water (S-Nat), and within the natural-leach deposit areas, but also adjacent to anthropogenic mining activity (S-Dev). In the laboratory, an Ontario reference population of slimy sculpin (Cottus cognatus) were exposed to sediment concentrations of 10 or 20 g/L, for 4 and 8 d. A period of 4 d was sufficient to induce EROD activity in this species by these sediments. The EROD activity measured in exposed fish was comparable to that measured in fish native to the oil sands area. This study was not capable of predicting a reduced ability of gonadal tissue of exposed fish to produce steroid hormones in vitro, as was demonstrated in the wild fish assessment of 1999 and 2000. The short-term laboratory bioassay exposing slimy sculpin to sediment from the Athabasca Oil Sands area was not a suitable surrogate for field studies, however it could be an important tool in identifying MFO-inducing compounds in Athabasca Oil Sands sediment using a Toxicity Identification Evaluation (TIE).
Introduction
The Athabasca Oil Sands in northern Alberta account for approximately 20% of Canada's oil supply (Alberta Department of Energy 1995). Syncrude Canada Ltd. and Suncor Oil Sands Group Inc. conduct surface mining and extraction adjacent to the Athabasca River, downstream of Fort McMurray. Within the oil sands area, surface waters contain naturally occurring naphthenic acids (NAs) and polycyclic aromatic hydrocarbons (PAHs) originating from erosion events along the banks of the rivers and from the riverbed. The main chemical constituents isolated in semiperme-able membrane device (SPMD) dialysates from surface water sites in the oil sands are PAHs, alkyl-PAHs, NAs, benzothiophenes and methyl carbazoles (Parrott et al. 1996) . Wild fish in the Steepbank River are chronically exposed to these naturally occurring bitumen derived chemicals. An assessment of the contribution of hydrocarbon contamination released to Northern Rivers from natural oil sands deposits quantified levels of PAHs and their alkylated analogues in river sediments taken from tributaries of the Athabasca River. In general, PAH levels in the Ells and Steepbank rivers ranged from 0.01 to 1.13 mg/g (Headley et al. 2001) . Additional compounds were found within the tributaries, with phenanthrene, pyrene and chrysene being major contributors in the Ells River sediment and acenaphthene and benzo [g,h,i] -perylene in the Steepbank River sediments.
Fish were collected from three sites on the Steepbank River: inside the deposit (with [S-Dev] and without [S-Nat] development) and outside of the oil sands deposit (S-Ref) . Fish collected within the oil sands deposit downstream of anthropogenic activity in the fall of 1999 demonstrated elevated mixed function oxygenase (MFO) detoxifying enzyme levels (Tetreault et al. In press) . Fish collected within the deposit but not adjacent to mining activity demonstrated little or no EROD activity relative to fish collected outside of the oil sands deposit (Tetreault et al. In press) . Although bitumen was present at this site, it was hypothesized that fish residing in that area of the stream may not be exposed to the same, or as potent EROD inducing compounds, as fish residing at the developed site. SPMD extracts from this site demonstrated a 3-fold in EROD induction relative to those deployed at the reference site (Parrott et al. 2002) .
Slimy sculpin (Cottus cognatus) collected within the oil sands area also demonstrated an altered capacity of gonadal tissue to produce sex steroids in vitro (Tetreault et al. In press) . Females collected from the site within the oil sands deposit demonstrated a reduced capacity to produce both testosterone and 17β-estradiol while male sculpin testicular tissue produced higher levels of testosterone. Unlike EROD induction where the S-Nat site was similar to reference levels, the steroid alterations were similar between the S-Dev and S-Nat site with some differences from the S-Ref fish.
Previous laboratory studies have been able to demonstrate EROD induction in rainbow trout (Oncorhynchus mykiss) and brown bullhead (Ameiurus nubulosus) (Leadly et al. 1999) exposed to PAHs and PCBs over a relatively short period (4 d). McMaster et al. (1996a) also demonstrated alterations in steroid production in goldfish exposed to pulp and paper mill effluent following a 4-d exposure. A laboratory exposure of fish to oil sands sediment was conducted to evaluate whether a laboratory exposure of fish to oil sands sediment could produce biochemical responses (EROD induction and steroid production capacity) similar to those of wild fish caught in the Athabasca Oil Sands area. A second objective was to determine whether a short-term laboratory bioassay exposure would represent a suitable surrogate for a wild fish reproductive assessment, predicting what was observed in chronically exposed fish.
Materials and Methods

Sediment Collection Sites
Sediment was collected during the fall of 2000 from the same sites where fish were collected for monitoring purposes from the Steepbank River. These sites were located upstream, outside of the oil sands deposit (S-Ref) (479457E/6316293N), within the deposit where there are naturally occurring oil sands compounds (S-Nat) (479668E/6316295N), and within the deposit adjacent to anthropogenic surface-mining activity (S-Dev) (472493E/6319674N) (UTM Zone 12) (Fig. 1) . Approximately 3 kg of sediment was collected from the river at each site with a shovel and pail, stored in 4-L plastic containers, shipped to the laboratory (Environment Canada, National Water Research Institute [NWRI] , Canada Centre for Inland Waters, Burlington, Ont.), and stored in a dark cold room (4°C) to reduce the possibility of photo and microbial degradation of PAHs and other compounds in the sediment (Varanasi et al. 1989) .
Fish Collection Sites
A location for the collection of slimy sculpin (Cottus cognatus) from a reference population near our Burlington laboratory was necessary. Information regarding Ontario populations of sculpin was obtained from the Royal Ontario Museum Centre for Biodiversity and Conservation Biology, Ichthyology Department, Royal Ontario Museum. They provided the coordinates for Oshawa Creek (347244E/4880336N) (UTM Zone 17), which has a known large population of slimy sculpin. A License to Collect Fish for Scientific Purposes (#AU079-00) was obtained from the Aurora District Office of the Ontario Ministry of Natural Resources. The collection of sculpin from Oshawa Creek was conducted on December 4, 2000, using a Smith-Root Type 15-B backpack electrofisher. Stunned fish were removed using dip nets (approx. 0.5-cm mesh size) and then held in aerated buckets. The fish were transported to NWRI, Burlington, and kept in aerated tanks at 6°C, the approximate temperature in the collection stream, prior to the exposure.
Fish Exposures
Sediments were added to 12-L aquaria three days prior to the static exposure experiment, to allow the sediment to settle prior to the addition of the sculpin. Two sediment concentrations were used, 10-and 20-g sediment (wet weight)/L of dilution water (dechlorinated; pH 7.03; alkalinity, 84.5 mg/L; hardness, 123.0 mg/L as CaCO 3 ) for a final volume of 10 L. Previous studies Leadly et al. 1999; have shown that EROD induction in the lab is usually rapid, within 4 d, so fish were exposed for either 4 d (for EROD induction), or 8 d. There were a total of 24 sediment treatments (3 sites x 2 concentrations x 2 time periods x 2 replicates). To determine whether the reference Oshawa Creek slimy sculpin were MFO inducible, a positive control, β-naphthoflavone (βNF; 10 mg/L MEOH), was added to an additional tank for the 4-d exposure ). This volume of βNF was added daily to ensure constant exposure, as βNF is rapidly photodegraded. A negative control tank was included with a treatment of 1.0 mL/day of MEOH (βNF carrier) added to determine the level of EROD activity in unexposed fish . Tanks were randomly placed in a water bath prior to the addition of the fish. The temperature was monitored daily and held constant (6.0°C) using a Frigid-cooling unit (Model # BHL-1089-2). A 10-h light: 14-h dark photoperiod was used, and the tanks were aerated. The exposures began on December 6, 2000, when 5 fish were randomly added to each sediment tank; 6 fish were added to each of the two controls. It is not possible to sex slimy sculpin externally, so sex ratios were not known prior to the end of the exposure period. Fish exposed for 4 d were not fed as it has been demonstrated that feeding is not necessary for short exposures of this nature ). However, fish held for 8 d were fed a 2-mL mixture of blood worms, freshwater amphipods (Hyalella azteca), and midge larvae (Chironomus tetans) on day 4 of the experiment. Due to the static nature of this experiment, each tank was monitored daily for estimated concentrations of ammonia using a commercial Freshwater Ammonia (NH 3 /NH 4 ) Test Kit (#33A Aquarium Pharmaceuticals, Inc.).
Fish Sampling
At the end of the exposure period (4 or 8 d), each fish was rendered unconscious by concussion, followed by spinal severance, and then measured for total length and weight. The gonads and liver were removed and weighed, and a carcass weight (i.e., eviscerated) was determined. Liver samples were placed in cryovials and frozen in liquid nitrogen for hepatic 7-ethoxyresorufin-O-deethylase (EROD) activity analysis (Hodson et al. 1991; . Incubations of gonadal tissues were used to estimate the steroid productive potential of fish from all treatments according to McMaster et al. (1995) . Replicate samples of 20 ± 2 mg of ovarian tissue from females and testicular tissue from males were used for incubations in nutrient media. Replicates were incubated in polystyrene tissue culture plates (Corning Cell Well 25820 Corning). Samples were either unstimulated (basal, media alone) or were treated with 5 µL of forskolin solubilized in ethanol to stimulate steroid production. Forskolin activates adenylate cyclase, thereby mimicking the gonadotropin hormone (GTH) by bypassing the GTH receptor and increasing cyclic adenosine monophosphate production, leading to stimulation of steroid production (McMaster et al. 1995) . The level of forskolin-stimulated steroid production provides further information about the integrity and maximal capacity of the tissue to produce steroid hormones. Gonadal tissues were incubated for an 18-h period at 16 to 18°C following which the media was drawn off the incubation wells and frozen in liquid nitrogen. Concentrations of testosterone (both sexes), 17β-estradiol (females) and 11-ketotestosterone (males) released into the media during the incubation period were quantified by radioimmunoassay (RIA) procedures .
Statistical Analysis
Statistical analysis on EROD activity and in vitro steroid production were conducted using Analysis of Variance and Generalized Linear Models (GLM) using SYSTAT 9.0 statistical software (Wilkinson 1990) . The data were Log 10 transformed to establish homogeneity of variance and normality. In the case of an interaction among treatments, a graphical representation of the mean values was used to explore the presence of differences. To avoid possible sex influenced effects, all statistical evaluations were conducted within sex. Similar statistics were conducted on fish length, carcass weight, gonad weight and liver weight to account for potential treatment differences.
Results
Short-term (4 and 8 d) sediment exposures of slimy sculpin were not expected to alter fish length, weight, liver size, or gonad size. Although some small differences were seen following statistical evaluation, these differences were attributed to the small sample sizes in some of the treatments (Table 1) . Neither male nor female slimy sculpin demonstrated significant treatment effects in length, carcass weight, liver weight, or gonad Table 1 . Mean (±SE) length, carcass weight, liver weight, and gonad weight of male and female slimy sculpin (Cottus cognatus) collected from Oshawa Creek, Ontario, and exposed to sediment collected from a reference (S-Ref) and two oil sands deposit sites (S-Nat and S-Dev) on the Steepbank River, Alberta, Canada weight. Ammonia levels did not change during the duration of the experiment and were consistently below 0.05 to 1.0 ppm total ammonia.
Induction of EROD Activity
Statistical analysis was conducted on Log 10 EROD residual means to establish constant variances, however actual means (±SE) were chosen for representation of the data. Slimy sculpin (both sexes) exposed in the laboratory to sediments collected from the Steepbank River S-Dev site had significantly higher EROD activity than fish exposed to either S-Ref or S-Nat sediment (p ≤ 0.029) (Fig. 2a and b) . Although there was a trend towards elevated EROD in female fish exposed to sediments from the S-Nat site, there was no statistical difference relative to female fish However, male fish exposed to S-Nat sediments had significantly higher EROD induction relative to fish exposed to S-Ref sediment (p = 0.002). Analysis of variance revealed a significant day effect for all treatments as EROD activity was decreased in fish (both sexes) exposed for 8 d relative to those exposed for 4 d (p ≤ 0.050). This effect was more pronounced in fish exposed to S-Ref sediment as EROD activity decreased dramatically after 8 days in these fish. No dose-dependent (20 or 10 g/L sediment concentration) effects on EROD induction were evident ( Fig. 2a and b) .
Sex differences were observed in the 4-d βNF positive control exposures. βNF-exposed female sculpin (n = 2) showed EROD activity (44.09 ± 22.76 pmol/mg/min) comparable to levels observed in female fish (n = 4) exposed to S-Dev sediment for 4 d, and βNF exposed male fish (n = 3) had EROD levels (21.63 ± 3.91 pmol/mg/min) similar to fish exposed to S-Nat sediment for the same period. EROD activity in MEOH exposed fish (negative control) was lower for both females (n = 1) (4.18 ± 0.00 pmol/mg/min) and males (n = 4) (3.50 ± 0.19 pmol/mg/min), indicating that the MEOH was not responsible for the marked induction in the βNF positive control.
In vitro Sex Steroid Production
Ovarian tissue from fish exposed to all sediments responded in a positive fashion to in vitro forskolin stimulation ( Table 2) . Analysis of variance demonstrated significant sediment effects in basal and forskolin-stimulated levels of testosterone produced by female ovarian tissue. Female fish exposed to S-Dev sediment had higher levels of basal or forskolin-stimulated testosterone when compared to fish exposed to S-Ref (p ≤ 0.010) and S-Nat (p ≤ 0.048) sediment. Basal or forskolinstimulated levels of testosterone production from S-Nat exposed fish did not differ statistically from S-Ref exposed fish (p ≥ 0.702). There were no significant differences demonstrated in basal testosterone production capacity. Female fish also demonstrated a day effect where forskolinstimulated levels of testosterone production were higher after 8 d of exposure relative to levels measured after 4 d in all three sediment treatments (p = 0.008). Although there was a trend towards decreased 17β-estradiol production with oil sands sediment exposure, female fish demonstrated no significant sediment treatment differences in basal (p = 0.088) or forskolin-stimulated (p = 0.132) 17β-estradiol production in vitro. Basal and stimulated 17β-estradiol production significantly decreased in all three sediment treatments as the concentration of sediment was increased (p ≤ 0.028) at 8 d (Table 2 ). An interaction was also detected between sediment treatments and exposure duration (p = 0.016) preventing any further statistical evaluation.
Male testicular tissues from fish exposed to the three different sediments were able to respond in a positive fashion to forskolin stimulation in the production of both testosterone and 11-ketotestosterone, however no other significant sediment treatment differences were found. Basal testosterone production demonstrated a day effect where all sediment treatments showed some reduced basal steroid levels at day 8 when compared to levels at day 4 (p = 0.018). This effect was more pronounced in the S-Ref sediment treatment tanks. Overall, sediment location or dose of sediment failed to alter the ability of male testicular tissue to produce androgenic steroid hormones (p ≥ 0.057).
Discussion
The main aim of this laboratory study was to evaluate whether a short-term laboratory exposure of naïve fish to oil sands sediment could produce biochemical responses (EROD induction and altered steroid productive capacity) similar to those seen in wild fish caught in the Steepbank River, Alberta (Tetreault et al. In press) . Few studies have taken sediment from a field site and attempted to generate responses in laboratory fish similar to those seen in fish at the field site. Sediment concentration, the length of exposure, and the appropriate food source had to be selected based on a limited knowledge of the concentrations of compounds in the sediment. In addition, the efficacy of using slimy sculpin in the laboratory was largely unknown.
Despite the limitations in background knowledge, the laboratory experiment demonstrated that Ontario slimy sculpin responded to the exposure with increased levels of hepatic detoxifying enzymes after 4 and 8 d. The significant increase in EROD levels in fish of both sexes exposed to S-Dev site sediment corresponds to two years of field data from slimy sculpin resident in the Steepbank River (Tetreault et al. In press) . Under the laboratory setting, male fish demonstrated a significant graded response in EROD induction when exposed to sediment from both oil sands sites, as was seen in the wild fish collected in Alberta. The 5-fold increase in EROD activity in laboratory-exposed fish was comparable to that measured in fish native to the oil sands area, indicating that naïve fish responded to oil sands compounds in a fashion similar to resident fish. Previous studies in the Athabasca oil sands area revealed high concentrations of lipid soluble, low molecular weight PAHs such as fluoranthene, pyrene, alkyl two-ring and alkyl three-ring PAHs accumulated by semipermeable membrane devices (SPMD) deployed within the Athabasca River and its tributaries. Exposure of these extracts to a minnow liver cell line PLHC-1 (Poeciliopsis lucidea hepatoma cells) demonstrated significant induction of EROD activity indicating that fish are exposed to concentrations of naturally occurring compounds capable of inducing mixed function oxygenase (MFO) activity. SPMD extracts obtained during our fall 1999 and 2000 sampling season also showed the presence of MFO inducing compounds at the sites used for our fish collections within the oil sands area on the Ells and Steepbank rivers. SPMD extracts from upstream reference and natural (S-Ref and S-Nat) sites showed little or no induction of MFO activity in the cultured cells. The increased EROD activity expressed in this experiment is consistent with other studies involving various fish species exposed to PAHcontaminated sediment in freshwater environments (Andersson and Forlin 1992; Munkittrick et al. 1995; McMaster et al. 1996b; Arcand-Hoy and Metcalfe 1999; Leadly et al. 1999; van den Heuvel et al. 1999a,b; Stagg et al. 2000) . For the purpose of evaluating MFO activity in fish exposed to oil sands sediment, a time period of 4 d was sufficient to induce EROD activity in this species by these sediments. Although the compounds responsible for this induction are unknown, this short-term laboratory bioassay has the potential to allow researchers to isolate and characterize various fractions of sediment extracts and test them for their MFO inducibility.
The measured levels of EROD activity in both sexes of fish decreased significantly after day 4. Previous studies have also demonstrated timedependent levels of EROD induction. Rainbow trout (Oncorhynchus mykiss) exposed to Hamilton Harbour PAH-contaminated sediment also had significantly reduced EROD activity after the initial peak at 4 d of exposure . Arcand-Hoy and Metcalfe (1999) observed a decline in EROD response after 4 d in brown bullhead (Ictalurus nebulosus) exposed to PAH contaminated soil; EROD activity increased 173-fold within the initial 72 h of exposure, and then rapidly declined after 4 d. Munkittrick et al. (1999) suggested a mechanism for the initial response followed by a decline in MFO activity as they are excreted by an inducible mechanism; the inducer(s) are rapidly metabolized and excreted once the mechanism is induced. This metabolism of PAHs has been demonstrated in laboratory depuration studies, as PAH-exposed fish rapidly lose both their EROD induction and their tissue PAH burden after transfer to clean water Djomo et al. 1996) . This could explain the notable decreases in EROD levels at 8 d in slimy sculpin under the static non-renewed sediment exposure system used here. Overall EROD induction by static sediment exposure for 4 d was an effective predictor of hepatic enzyme levels as seen in wild fish (up to 94.68 ± 13.78 pmol/mg/min) (Tetreault et al. In press) .
Over the past decade there has been increasing evidence that PAH exposures of various origins can result in decreased reproductive function in exposed fish. Some studies have been successful in demonstrating alterations in circulating sex steroid levels in fish exposed to PAHcontaminated sediments under laboratory conditions (Johnson et al. 1993) . Idler et al. (1995) reported significant reductions in sex steroid levels in male winter flounder (Pleuronectes americanus) exposed to PAHcontaminated sediment in the laboratory 4 months prior to spawning. Laboratory experiments conducted by Johnson et al. (1993) supported field observations that English sole (Pleuronectes vetulus) exposed to contaminated sediment from Puget Sound (PAH) showed reduced concentrations of plasma estradiol, which was thought to be linked to reduced ovarian development, egg size, spawning, and fertilization success, as well as larval viability. It is hypothesized that PAHs decrease the ability to synthesize steroid hormones, with a resulting decrease in the circulating levels of those hormones. A decrease in hormone synthesis could result in cascade effects such as reduced gonadal development, altered spawning behaviour and age of first spawn, egg size, decreased fertilization success and larval viability, and increased larval deformities.
Findings from our field study demonstrate consistent reductions in the production of reproductive steroids by female ovarian tissue in slimy sculpin collected in the Steepbank River within the oil sands deposit relative to reference fish. It did not however, demonstrate any significant differences between fish collected from the two sites within the deposit (S-Nat versus S-Dev) (Tetreault et al. In press) . Male slimy sculpin sex steroid production from fish collected within the oil sands relative to reference fish showed conflicting results between years. In 1999, males collected from the oil sands sites produced higher levels of testosterone and similar levels of 11-ketotestosterone. In 2000 however, the opposite trends were seen with testicular tissue of fish from the oil sands exposed sites producing lower levels of both testosterone and 11-ketotesterone. This laboratory study was not capable of predicting an altered ability of gonadal tissue of exposed fish to produce steroid hormones in vitro, as in our wild fish assessments (Tetreault et al. In press) . Although results from this experiment were not predictive of the wild fish reproductive health assessment, significant differences in the ability of female sculpin to produce sex steroids in vitro were demonstrated. Production of 17β-estradiol was decreased after 8-d exposure while a slight, but significant increase in basal testosterone production was evident in female sculpin exposed to S-Dev sediment. An increase in stimulated testosterone production also suggests the tissue was more responsive after this exposure period. Exposure of fish to sediment from the three different sites produced no significant effects on the ability of the gonadal tissue to produce the major biologically active reproductive steroid hormones in male fish. Although some differences were demonstrated after 8 d, the overall impact of these effects cannot be fully understood without a longer exposure period of fish to contaminated sediment provided by a 21-d exposure .
Captivity alone may have altered the ability of gonadal tissue to produce sex steroid hormones in vitro. Stress associated with capture effects in fish has been documented and directly linked to suppressed steroid production in some fish species. Previous studies of capture stress and holding time have demonstrated similar reductions in both circulating steroid hormone levels (Jardine et al. 1996) , and on the production of steroid hormones by white sucker (Catostomus commersoni) ovarian follicles in vitro (McMaster et al. 1994) . Previous studies have shown circulating sex steroids levels in perch (Perca fluviatilis) (Haux et al. 1985) , white sucker (Catostomus commersoni) Jardine et al. 1996; McMaster et al. 1994) , and goldfish (Carassius auratus) (Robinson 1994) to be sensitive to capture and handling stress. These studies demonstrated reduced circulating levels of sex steroids, or decreased ability to produce sex steroids, in fish held for a number of days. In a separate experiment, testicular tissue of male slimy sculpin held overnight demonstrated a lack of responsiveness to forskolin stimulation, however the positive response in female fish did not support these results (Tetreault 2002) . In the present study these sex trends were the reverse, confounding the interpretation of possible stress-related effects on laboratory fish due to captivity. The stress associated with the extended captivity of these wild fish could have further compromised steroid production capacity of these fish.
Laboratory exposed fish were collected at a later date than those of the wild fish assessment previously discussed resulting in different stages of reproductive development relative to the field study collections. Recently, these fish have been found to develop significantly from the fall to prior to spawning the following spring. Gray (pers. comm.) found no increase in gonadal development in female slimy sculpin collected from reference sites for the period of September to December, a GSI of 2.2 to 2.7% was evident in November. By April to May of the following year, GSI had increased to 20 and 30% (Gray, pers. comm.) . The GSI of fish from this study ranged from 4 to 7% for female fish while fish from the field study were collected with GSI values of only 1 to 2%. This could have affected the responsiveness, and the rate of steroid production by the gonads. This difference in gonadal development could explain the differences demonstrated between field and laboratory studies. A study characterizing the full reproductive cycle (GSI, sex steroid profiles, histology) of this species would be appropriate to address this question.
There was a trend of altered steroid levels in fish exposed to oil sands sediment for 8 d suggesting that the period of exposure may not have been long enough to fully evaluate the reproductive capacity of these exposed fish, and that a longer exposure may be necessary to elicit this type of reproductive response in a laboratory setting. It is also possible that an exposure to 20 g/L was not sufficient to elicit short-term alterations in fish gonadal tissue steroid production potential, and that higher concentrations of sediment may be necessary. Trends towards reduced levels of basal and stimulated 17β-estradiol levels from female fish exposed to S-Dev sediment for 8 d, and increases in testosterone levels in these same fish suggests potential initial alterations in the steroid production pathway.
The development of a sediment bioassay for the exposure of adult fish was successful at predicting effects of sediment toxicity on fish resident to the Athabasca Oil Sands Area through significant induction of EROD activity demonstrated in the laboratory. Although hepatic EROD responses during lab exposure to oil sands sediment were similar to those in wild fish, the failure to duplicate responses in sex steroid production capacity reinforces the need for field research. The naïve fish exposed to oil sands sediment may have exhibited stress effects on sex steroid production capacity as demonstrated by the weak response to forskolin stimulation. The short-term laboratory bioassay exposing slimy sculpin to sediment from the Athabasca Oil Sands Area was not a suitable surrogate to evaluate reproductive endpoints of fish residing in this region. It could, however be an important tool in identifying MFO-inducing compounds in Athabasca Oil Sands sediment using a Toxicity Identification Evaluation (TIE).
